Summary: It has been reported that plasma renin activity values obtained from samples containing ethylenediaminetetraacetate (EDTA) and which have been allowed to remain at room temperature for 24-48 hours prior to incubation and assay are spuriously Iow. Since plasma renin activity is often measured in specialised centres, considerable time delays in sample transit may be difficult to avoid. We, therefore, investigated these findings using plasma samples kept at room temperature for varying times and subsequently incubated at 37 °C. From these studies we conclude that plasma renin activity is not significantly affected by pre-incubation at room temperature for periods up to 48 hours. However, the precision of the assay is likely to be poorer in specimens pre-incubated at room temperature. These results are supported by the finding that there is no loss of angiotensin I upon incubation and assay of samples containing pepstatin A.
Introduction
two-stage assay. In the first stage, each plasma samPlasma renin activity is a widely used in vitro assessple is buffered, mixed with angiotensin-converting ment of the activity of the renm-angiotensin System. enzyme inhibitors and subdivided into two portions, Blood samples are collected into an anticoagulant one of which is kept either on ice or in the deep and plasma separated and stored at -20 °C prior to a freeze at -20 °C and the other is incubated at 37 °C for 1-3 hours to generate angiotensin I. In the second stage, aliquots of both portions of the sample are assayed for angiotensin I concentration. The difference in concentration between the portions is expressed äs an angiotensin I generation rate, the plasma renin activity.
Ethylenediaminetetraacetate (EDTA) is the most widely used anticoagulant for samples for plasma renin activity assay. It has an inhibitory effect upon the converting enzyme (l, 2), whereas lithium heparinate has been reported to inhibit renin (3) thereby reducing the production of angiotensin I in vitro; although this finding is not supported by studies with hog renin (4), or human renin in the presence of low heparin concentrations (5).
It has recently been reported that the use of EDTA äs the anticoagulant may lead to falsely low plasma renin activity values if plasma samples are allowed to stand at room · temperature for 24-48 hours (5). This is a cause for concern owing to the widespread use of EDTA in such assays, and the possibility, despite stringent sample-handling protocols, that plasma renin activity samples may attain room temperature in transit from the clinicians to the laboratories. This possibility is made all the more likely because plasma renin activity assays still tend to be offered only by a few centres each catering for a wide area.
The authors suggested (5) that this apparent fall in plasma renin activity could be due to the angiotensin I which builds up at room temperature being unstable upon subsequent incubation at 37 °C. This would mean that the immunoassay of the unincubated angiotensin I blank would overestimate the preformed angiotensin I concentration which remained post-incubation. This would reduce the c net' generation value and, thereby, the plasma renin activity. As yet, there is no direct evidence to Support this.
In this study we investigated this phenomenon using a plasma which had been stored in individual portions at -20 °C in EDTA. Samples were thawed at intervals and allowed to "pre-incubate" at room temperature for up to 48 hours. They were then incubated at 37 °C for l or 3 hours and immunoassayed to estimate their apparent plasma renin activity. In addition pepstatin A, an inhibitor of renin (6) , was added to two samples which had been pre-incubated at room temperature for 48 hours immediately before incubation at 37 °C. If preformed angiotensin I was unstable at 37 °C, then a "negative generation" would be seen; that is, an overall loss of angiotensin I.
Materials and Methods

Assay procedures
Angiotensin I was generated in citrate-buffered plasma in the presence of EDTA, 8-hydroxyquinoline and phenylmethylsul· phonylfluoride, äs descfibed previously (7), for one and for 3 hours. Angiotensin blanks were kept at -20 °C during the incubation period since storage at -5 °C to +4 °G can activate pro-renin and this "cryo-activatable" fraction may greatly exceed the äctive enzyme concentration (8) . 25-100 aliquots of samples were estimated by radioimmunoassay using a 24 hour incubation at 4 °C followed by a charcoal Separation of bound and free fractions. Samples 250 ml of blood were collected from a nörmotensive supine volunteer, into tubes containing EDTA (2.5 g/l blood). After centrifugation, plasma was stored at -=20 °C in one ml portions. Seven portions were thawed 48 hours prior to their incubation, 5 were thawed 24 hours before incubation, and 5 were thawed and brought to room temperature immediately before incubation. To 2 of the samples from the first gröup, 20 ul of pepstatin A (Sigma U.K., Poole, Dorset) in 9 g/l saline solution (approximately 5 g/ 20 ) were added to inhibit renin during the incubation at 37 °C.
Data analyses
For each period of pre^iricubation (0, 24 and 48 hours) the results of the analysis for angiotensin concentration in the 5 tubes at 0, l and 3 hours were avaüable. 
Results
The estimated plasma renin activity values are shown in table l and indicate no significant differences between the groups of samples pre-iiicübated for 0^ 24 or 48 hours. This result was obtained whether the samples were incubated at 37 °C for l or for 3 hours. The plasma renin activity values obtained from the aliquots which underwent one hour incubation were consistently slightly higher than the values from the aliquots which underwent three hours incubation at 37 °C. In two of the three groups, 48 hour pre-incubation and no pre-incubation, this difference was statistically significant (p < 0.01 and < 0.05 respectively).
Table l also gives the residual Standard deviations at various pre-incubation times. Their squares (variances) were compared with F-tests. There is a significant increase in the experimental (analytical) error with pre-incubation for 24 or 48 hours (p < 0.01) compared with no pre-incubation, but there is no significant difference between the effects at 24 and 48 hours. Table 2 shows the mean activity after pre-incubation and the differences between individual samples. The between sample Standard deviations are corrected for analytical errors. There is a significant increase in variance due to "sample effects" with a preincubation time of 24 hours and a further significant increase at 48 hours. The value of zero for sample's, d. at zero hour pre-incubation is the result of the residual variance divided by 5 (= n) being greater than the variance du § to the K values.
Tab. 2. Mean angiotensin activity after pre-incubation and its between-sample variability. In the samples to which pepst tin A had been added, the angiotensin I blanks yielded similar values to those obtained from the 48-hour pre-incubated group. Incubation of these samples for l and 3 hours at 37 °G produced only small rises in total angiotensin I concentration. All of the mean experimental results are displayed in figure 1. 
Preincub tion time
Discussion
These results indicate that samples collected into tubes containing EDTA may be assayed after storage at room temperature for up to 48 hours without compromising the accuracy of the plasma renin activity estirnation. Incubation tirnes of one and three hours were employed and yielded similar results, showing no significant difference in mean plasma renin activity with respect to preincubation time.
The decreased analytical precision seen with increasing preincubation time (tab. 1) may be explained by the fact that these samples contained high concentrations of angiotensin I and were interpolated from a part of the Standard curve where the slope was decreasing markedly.
The plasma renin activity values obtained from the one hour generated samples are consistently slightly higher than their three hour generated counterparts. This is likely to be a reflection of the temperature variations in the samples at the beginning and end of the incubation period representing a more significant fraction of the total incubation time. The transfer · time at the end of the incubation period in which the samples are frozen is a significantly greater incremental addition to the one hour incubation time than to the three hour incubation. Incomplete angiotensinase Inhibition could also account for such changes, but in this System has been shown not to be significant (10) . Another possible explanation, a change in reaction kinetics owing to Substrate depletion over the longer time of incubation, is not considered likely. Firstly, if Substrate depletion were a problem, this would be expected to show in the 48-hour pre-incubated group, manifesting äs a reduced plasma renin activity with respect to the 24-hour and unpre-incubated groups, but there was no sign of this. Secondly, Stockigt & Hewett (5) found no appreciable loss in plasma renin Substrate (angiotensinogen) in their experiments conducted over similar preincubation times and three hour incubation times. Thirdly, there is evidence that, in this assay System, linearity of angiotensin I production is continued to much higher levels than those observed here (11) . The possibility of Substrate depletion for individual samples, however, still remains. Usually an abnormally high blank value will be indicative of prolonged preincubation.
The results in table 2 show clearly that angiotensin is formed during the period of pre-incubation and that there are considerable between-sample differences in the amount of angiotensin formed in a given preincubation period. However, these differences do not affect the accuracy of the plasma renin activity measurement since the angiotensin formed during pre-incubation is subtracted, äs a 'blank'* from that formed at the end of the assay incubation at 37
The results obtained from the samples to which pepstatin A had been added Support the conclüsion that preformed angiotensin I is not inherently unstable when the temperature is raised to 37 °C. The angiotensin blanks do not differ from those of the uninhibited 48 hour samples, and there is a small rise in total angiotensin I concentration with subsequent incubation at 37 °C. Pepstatin A does not coitipletely inhibit renin (12) and this residual activity would account for the rises seen upon incubation. However, any significant breakdown of the preformed angiotensin I during the incubation would have yielded a net loss of angiotensin I in the tube; this did not occur.
These results do not agree with the findings of Stockigt & Hewett (5) . It is possible that their boiling of the samples to end the incubation, a procedure we did not adopt, may selectively destroy preformed angiotensin.
We conclude that samples collected into tübes contairiing EDTA may be assayed for plasma renin activity up to 48 hours after thawiiig without any ap^-parent change in the result. The only problem is a loss of precision which may arise for the reasons discussed earlier, and, for this reason, results from samples which have been in a "pre-mcubation" state may be compromised; particularly extremely low plasma renin activity values. One possible alternative would be to collect specimens into a nön-inhibit* ing anticoagulant (13); this would not cause blanks to increase and, therefore, precision shoüld not be affected.
